biopsy will lead to even further increases in the overdiagnosis and overtreatment of prostate cancer ( 3 , 4 ) . All agree that there is a need for markers that will identify those men with life-threatening prostate cancer for whom curative intervention will improve outcomes. Rate of change in PSA level or PSA velocity has been shown to be higher among men with prostate cancer than in men without the disease in some studies ( 5 , 6 ) . Furthermore, PSA velocity before the diagnosis of prostate cancer has been associated with surrogate biomarkers of adverse outcomes, such as pathologic tumor characteristics and time to recurrence after treatment ( 7 , 8 ) . Recently, D'Amico et al. ( 9 ) showed that, when compared with men with a PSA velocity of 2.0 ng/mL per year or less in the year before diagnosis, men with a PSA velocity above 2.0 ng/mL per year were at an increased risk of prostate cancer death after surgical treatment. An unanswered question is whether a lower PSA velocity could identify those men with life-threatening prostate cancer during a window of curability.
If men with a relatively high PSA velocity in the year before diagnosis are more likely than men with a low PSA velocity to have advanced prostate cancer not amenable to cure with surgery, it is conceivable that these same men with life-threatening disease could have been identifi ed earlier based on their PSA velocity at a time when the disease was still curable by local therapy (radiation or surgery). If so, then it may be appropriate to incorporate PSA velocity into decision algorithms for prostate biopsy to identify men with life-threatening cancer that will benefi t from curative intervention, rather than performing biopsies on all men who reach a given threshold PSA value.
To address this issue, we used data from the Baltimore Longitudinal Study of Aging (BLSA) to compare the PSA histories of men who died of prostate cancer, men with prostate cancer who were alive or died of another cause, and men without a diagnosis of prostate cancer. The level of prostate-specifi c antigen (PSA) in the blood serum is widely used to screen for prostate cancer because cancers detected by PSA screening are discovered at an earlier stage than those detected symptomatically ( 1 ) . Clinicians generally agree that PSA screening can detect early-stage cancers, some of which are destined to metastasize. However, the PSA level or threshold value at which further evaluation with a prostate biopsy should be recommended remains controversial. Until recently, most clinicians had accepted a PSA threshold of 4.0 ng/mL for recommending a prostate biopsy as reasonable to balance the trade-off of missing biologically important cancers against performing unnecessary biopsies and detecting biologically unimportant cancers. Now there is growing enthusiasm among urologists to use PSA thresholds below 4.0 ng/mL for recommending prostate biopsy to increase the detection of curable disease ( 2 ) . However, others have expressed concerns that lower PSA thresholds for
S UBJECTS AND M ETHODS Study Cohort
Study subjects were participants in the BLSA, a prospective cohort study of the National Institute on Aging (Bethesda, MD) ( 10 ) in which the fi rst patient was seen on February 6, 1958 . This open enrollment study includes 1806 male subjects largely from the Baltimore, MD, and Washington, DC, areas. Participants receive a comprehensive medical, physical, and neuropsychological examination at regular intervals, typically every 2 years. The Med Star Institutional Review Boards and the Institutional Review Boards of the Johns Hopkins Medical Institutions (Baltimore, MD) approved this study, and all subjects gave written informed consent for their participation in the BLSA.
Since September 9, 1991, PSA measurements and digital rectal examination were performed at each evaluation. Participants with a PSA level above 4.0 ng/mL and/or abnormality on digital rectal examination also underwent a transrectal ultrasounddirected prostate biopsy.
PSA levels were measured using frozen sera samples stored at − 70 °C for visits performed before September 9, 1991. After September 9, 1991, PSA measurements were performed on sera collected prospectively at subject visits. All PSA measurements were performed using a standard monoclonal immunora dio metric assay (Tandem-R, Hybritech Inc, San Diego, CA), which has an interassay coeffi cient of variation of 4.9%, 3.6%, and 3.0% when the level of PSA is 3.0, 7.0, and 36.0 ng/mL, respectively ( 11 ) .
Of the 1806 male subjects who participated in the BLSA from February 6, 1958 , to May 31, 2005, 1201 had PSA measurements available. We excluded men with a diagnosis of prostate cancer who had no PSA data before their diagnosis (n = 38), men who had a simple prostatectomy for prostate enlargement and had no PSA data before their prostate surgery (n = 80), men who had taken fi nasteride (Proscar) at any time (n = 47), men with an unknown cause of death (n = 54), and men who had a single PSA value that was suspected to be a laboratory error, i.e., an outlier value inconsistent with other values (n = 2). After these exclusions, the study cohort included 980 men, of whom 124 had a diagnosis of prostate cancer and 856 had no known diagnosis of prostate cancer. The majority of the men were white (79%), 17% were African American, and 4% were Asian or from other ethnic groups.
Cause of death for study participants was determined from the BLSA death fi le, which includes information on cause of death ascertained by intermittent telephone follow-up of inactive participants, correspondence from relatives, and searches of the National Death Index. For deceased BLSA subjects, the cause of death was determined by the consensus of three physicians who reviewed all available information, including death certifi cates, letters from physicians and families, medical records, and autopsy reports.
As of May 31, 2005, of 124 men with prostate cancer, 66 were still alive and 58 had died. Of the deceased men, 20 had prostate cancer listed as the underlying cause of death and were considered events, whereas 38 men with prostate cancer had died of other causes. As of May 31, 2005, of 856 men without a diagnosis of prostate cancer, 684 were alive and 172 were deceased. Of these 172 men, 21 were diagnosed with prostate cancer at autopsy. Autopsy-detected prostate cancers were included among the group without prostate cancer despite the presence, in some cases, of high-grade, advanced disease. We categorized autopsydetected cancers as noncancers because autopsies were not performed routinely on all men in this cohort and because men with autopsy-detected prostate cancer were unaware of a diagnosis of prostate cancer during their lifetime.
We divided the study cohort into three groups: 856 subjects not diagnosed with prostate cancer (no-cancer group), 104 subjects with a diagnosis of prostate cancer who were alive (n = 66) or dead of a cause other than prostate cancer (n = 38) (prostate cancer group), and 20 subjects with a diagnosis of prostate cancer who died of the disease (dead of prostate cancer). Thus, 2% of our cohort (20 of 980 subjects) died of prostate cancer (at a median of 8 years after diagnosis) at a median age of 83 years, which is similar to the approximate 2% probability of dying of prostate cancer by age 85 years for whites in the United States ( 12 ) .
The median year of diagnosis was 1995 (range = 1974 -2003) for the 66 men with prostate cancer who were alive, 1990 (range = 1967 -1996) for the 38 men with prostate cancer who died of another cause, and 1989 (range = 1979 -1996) for the 20 men who died of prostate cancer. The median year of last PSA measurement for subjects without a diagnosis of prostate cancer was 1999 (range = 1963 -2002). The stage and grade of cancers were not consistently available for subjects with a diagnosis of prostate cancer and thus were not included in analyses.
Statistical Analyses
Study group characteristics were compared using pooled t tests (in the case of equal variances) and using Cochran t tests (in the case of unequal variances). All statistical tests were twosided; P <.05 was considered statistically signifi cant.
All PSA measurements were censored at the time of diagnosis of prostate cancer, at the time of a prostate operation for benign disease (simple prostatectomy), or at the last participant visit. The index visit was defi ned as that visit within a specifi c time period before diagnosis at which the PSA level and PSA velocity were determined. PSA velocity in ng/mL per year was calculated for each subject (n = 788) as the running average of the rate of change over three consecutive visits (the index visit and the two preceding visits), when more than two PSA measurements were available ( 5 ) , or as the simple rate of change, if only two measurements were available. The linear relationship between PSA level and PSA velocity was determined by the Pearson productmoment correlation.
We used a mixed-effects model ( 13 ) to estimate average changes in PSA levels as a function of time before diagnosis or before last evaluation for subjects without a diagnosis of prostate cancer. PSA levels were transformed as log(PSA level + 1) for the analyses. The model included time, time squared, a term for group, and interactions between time and group. Random effects were included for time and time squared within subjects. Date of diagnosis and date of last BLSA visit or evaluation were used as endpoints for subjects with a diagnosis of cancer and for subjects without prostate cancer, respectively.
We evaluated the association between PSA velocity and death from prostate cancer during the time interval of 10 -15 years before diagnosis for two reasons. First, most of the men in our study who died of prostate cancer had cancer detected in the pre-PSA era, and the lead time with PSA screening is believed to be approximately 10 years ( 14 ) . Because most screen-detected cancers are curable, we believe that the men in our study who died of prostate cancer may have had curable disease 10 -15 years before their diagnosis date. Second, at 10 -15 years before diagnosis, most men with prostate cancer in the cohort (combining those who did and did not die of disease) had PSA levels in the range (<4.0 ng/mL) at which curable disease is usually identifi ed ( 15 ) , suggesting that this time interval may have provided a window of opportunity for cure. The PSA level and PSA velocity determined at the index visit within the 10-to 15-years-before-diagnosis time frame were used in the analyses of this time period. For those subjects with more than one visit during this period, the visit closest to diagnosis was defi ned as the index visit. For calculation of PSA velocity at the index visit 10 -15 years before diagnosis, prior PSA measurements used to determine PSA velocity could have fallen outside the 10-to 15-year time window (i.e., >15 years before diagnosis). Of 353 men with a PSA velocity determination at an index visit 10 -15 years before diagnosis, 103 men had all PSA measurements taken within 10 -15 years before diagnosis. The median time between the starting PSA measurement and the index visit used for calculation of PSA velocity was 5.3 years (range = 1 -17.5), and the average time between measurements was 3 years.
We also evaluated the association between PSA velocity and death from prostate cancer during the time intervals 0 -2, 0 -5, and 5 -10 years before diagnosis for comparison with the 10-to 15-years-before-diagnosis results. These analyses were performed in the same manner as the analyses of PSA velocity for the 10-to 15-years-before-diagnosis time frame. At 0 -2, 0 -5, and 5 -10 years before diagnosis, 711, 596, and 408 men had a PSA velocity determination at the index visit, respectively.
Sensitivity and specifi city for PSA and PSA velocity were explored using a receiver-operating curve (ROC) analysis for PSA values below 4.0 ng/mL. The area under the ROC (95% confidence interval [CI]) was calculated, and a test of the null hypothesis that the area under the curve was 50% was performed using the Wilcoxon rank sum test. The ROC analysis suggested that 0.35 ng/mL per year could be one reasonable choice -among others -to balance sensitivity and specifi city for detection of lifethreatening cancer, and this cut point was used in Cox proportional hazards regression analysis and Kaplan -Meier analysis.
Cox proportional hazards regression was used to evaluate associations between the covariates PSA level and PSA velocity, age at diagnosis, diagnosis date, and the main outcome -death from prostate cancer. The assumptions of proportionality have been satisfi ed (the hazard ratio for PSA velocity was nearly constant over time). In this analysis, time 0 was the index visit at which PSA level and PSA velocity were determined, not date of diagnosis. PSA level was treated as a binary variable using a cutoff of 2.6 ng/mL or more because in clinical practice urologists use threshold levels of PSA for recommending prostate biopsies, and a value of 2.6 ng/mL has been recommended as a biopsy threshold that will improve disease-free outcomes ( 16 ) . PSA velocity was treated as a continuous variable in this analysis, and the relative risk was reported per 1 unit change (1 ng/mL per year) and per 0.1 ng/mL per year, based on units urologists use in daily practice. Age and date of diagnosis were treated as continuous variables, and relative risk was reported per unit change (i.e., 1 year). The Wald test was used to test the null hypothesis that the hazard ratio associated with a covariate was 1. Likelihood ratio tests were used to assess the fi t of the model with different covariates, and all models were fi t on the same cohort with no differences in missing values. The relative risk of prostate cancer death and risk per 100 000 person-years were determined from the Cox regression analysis for men with a PSA velocity above 0.35 ng/mL per year when compared with those with a PSA velocity of 0.35 ng/mL per year or less after adjustment for age and date of diagnosis.
Time to death stratifi ed by PSA velocity ( ≤ 0.35 ng/mL per year versus >0.35 ng/mL per year) was estimated using the Kaplan -Meier method ( 17 ) with censoring of subjects who were alive as of May 31, 2005. Time 0 was the index visit 10 -15 years before diagnosis at which PSA level and PSA velocity were determined. The Mantel -Haenszel log-rank test was used to test for equality of survivor functions. This analysis was done to assess the relationship between PSA velocity and prostate cancer death, not to identify a specifi c PSA velocity cutoff to be used in clinical practice.
R ESULTS

Cohort Demographics
The demographic characteristics of the study cohort are described in Table 1 . Compared with men without a diagnosis of prostate cancer, men with a diagnosis of prostate cancer and men who died of prostate cancer were statistically signifi cantly older at the time of the fi rst and last PSA tests and more often had a similar number of total PSA measures ( Table 1 ) . Follow-up in years from fi rst to last PSA test was statistically signifi cantly longer for men with a diagnosis of prostate cancer compared with men without this diagnosis but was similar for men with prostate cancer who did and did not die of their cancer. Evaluating followup time from the last PSA test (for those without prostate cancer) or diagnosis (for those with prostate cancer) to censoring revealed that this period was statistically signifi cantly longer for men with prostate cancer than for men without prostate cancer. However, on average, men who had prostate cancer but did not die of the disease were followed longer after diagnosis than men who did die of prostate cancer.
Time-Dependent Evaluations of PSA and PSA Velocity
At 10 -15 years before the diagnosis of prostate cancer, the PSA levels of men who died of prostate cancer were rising at an exponential rate, greater than that of men with prostate cancer who were alive or died of another cause and that of men without prostate cancer ( Fig. 1 ) . During this time, the median PSA level was 0.8 ng/mL (range = 0.1 -20.0) for all subjects and 1.9 ng/mL (range = 0.2 -12.5) for subjects who died of prostate cancer, based on the mixed-effects model. We plotted the actual distributions of PSA levels and PSA velocity for the index visit at 10 -15 years before diagnosis for each study group ( Fig. 2 ) .
We fi rst assessed risk of death from prostate cancer 10 -15 years before diagnosis using proportional hazards models that included age, diagnosis date, and PSA velocity as a continuous variable. Both diagnosis date and PSA velocity were statistically signifi cantly associated with death from prostate cancer ( Table 2 ) . For each 1 ng/mL per year increase in PSA velocity, the hazard ratio increased to 3.97 (95% CI = 1.22 to 12.9; P = .02), and for each 0.1 ng/mL per year increase in PSA velocity, the hazard ratio increased to 1.15 (95% CI = 1.02 to 1.29; P = .02). PSA level and PSA velocity were highly correlated (Pearson correlation coeffi cient, r = .70). The addition of PSA level as a categorical variable (cut point 2.6 ng/mL) to this model did not statistically signifi cantly improve the fi t of the model based on the likelihood ratio test ( P = .65), and in a model that included age at diagnosis, diagnosis date, and PSA level (without PSA velocity), PSA level was not a statistically signifi cant variable ( P = .20).
As the data in Table 2 indicate, date of diagnosis may be a confounding variable in our analysis, suggesting the possibility that PSA velocity was higher among men who died of prostate cancer because they were more likely to have been diagnosed in the absence of screening with more advanced disease than men who did not die of prostate cancer. Thus, adjusting for date of diagnosis removes the confounding effect of screening or earlier diagnosis. Furthermore, adding diagnosis date to the model did not substantially improve the fi t of the model, based on the likelihood ratio test ( P = .30). This lack of improvement suggests that the effect of PSA velocity on the probability of prostate cancer death was not modifi ed by date of diagnosis. We also evaluated the same model covariates 10 -15 years before diagnosis but restricted the analysis to the subjects who were diagnosed before 1991 (those more likely to have been diagnosed without PSA screening; total number of subjects = 175, number of nonevents = 166, number of events = 9). In this subset, each 1 ng/mL per year increase in PSA velocity was associated with a hazard ratio increase of 3.75 (95% CI = 1.14 to 12.3; P = .03), whereas for each 0.1 ng/mL per year increase in PSA velocity, the hazard ratio increased to 1.14 (95% CI = 1.01 to 1.28; P = .03).
ROC Analysis and PSA Velocity Cut Point
No PSA level or PSA velocity cut point achieved both high sensitivity and specifi city. The area under the ROC was 0.74 (95% CI = 0.54 to 0.93) ( P = .001) for PSA level and 0.75 (95% CI = 0.55 to 0.95) ( P = .01) for PSA velocity when PSA values were restricted to below 4.0 ng/mL. The ROC analysis suggested that 0.35 ng/mL per year could be one reasonable choice -among others -to balance sensitivity and specifi city for detection of life-threatening cancer.
Relative Risk and Survival Analyses
To assess the relationship between PSA velocity and survival, a PSA velocity of 0.35 ng/mL per year was used, based on the ROC analysis. When compared with subjects with a PSA velocity of 0.35 ng/mL per year or less at 10 -15 years before diagnosis or last visit, subjects with a PSA velocity above 0.35 ng/mL per year had statistically signifi cantly lower prostate cancer -specifi c survival at 25 years, i.e., 92% (95% CI = 84% to 96%) versus 54% (95% CI = 15% to 82%), respectively ( P <.001) ( Fig. 3 ) . In the Cox regression analysis, date of diagnosis (but not age) was statistically signifi cantly associated with prostate cancer death ( Table 3 ) . However, even after controlling for confounding by date of diagnosis, PSA velocity remained a statistically significant risk factor for death from prostate cancer. The relative risks (adjusted for age and date of diagnosis) of prostate cancer death at 5 -10 and 10 -15 years before diagnosis or last visit were 10.7 (95% CI = 3.3 to 34.5) ( P <.001) and 4.7 (95% CI = 1.3 to 16.5) ( P = .02) respectively, for men with a PSA velocity above 0.35 ng/mL per year when compared with men with a PSA velocity of 0.35 ng/mL per year or lower ( Table 3 ) . The rate per 100 000 person-years at 5 -10 and 10 -15 years before diagnosis was 1190 versus 96, and 1240 versus 140 when PSA velocity was above 0.35 ng/mL per year and 0.35 ng/mL per year or less, respectively.
D ISCUSSION
We have demonstrated in an unselected cohort of men enrolled in the BLSA that PSA velocity provides information early in the disease course that is related to the chance of dying of prostate cancer. The fi nding that PSA velocity was associated with prostate cancer death at 10 -15 years before diagnosis when PSA levels were below 4.0 ng/mL in most men ( Figs. 1 and 2 ) -a PSA range in which most men have curable disease ( 15 ) -suggests that PSA velocity could be useful for the identifi cation of men with potentially life-threatening disease at a time when cure is still possible with local therapy (surgery or radiation). Conversely, men with a low PSA velocity may be more appropriate candidates for observation.
An alternative interpretation of our data is that at 10 -15 years before diagnosis PSA velocity was higher among men who died of prostate cancer because they were more likely to have been diagnosed in the absence of screening with more advanced disease than men who did not die of prostate cancer. However, when we restricted our analysis to subjects who were diagnosed before 1991 and were more likely to have had a diagnosis without PSA screening, the extent of the association between PSA velocity and prostate cancer -specifi c death was similar to that observed when the analysis included all subjects. This similarity suggests that the observed association with PSA velocity did not differ between the pre-PSA and PSA eras. Furthermore, there was no statistically signifi cant interaction between PSA velocity and date of diagnosis. Thus, as much as 10 -15 years before diagnosis, it would appear that PSA velocity is an indicator of disease that is destined to progress and threaten life. * Subjects were 353 participants in the Baltimore Longitudinal Study of Aging who had a PSA velocity determination at a visit 10 -15 years before diagnosis of prostate cancer. Variables were continuous with hazard rate reported relative to a unit change (1 year) for age at diagnosis and date of diagnosis and 1 ng/mL or 0.1 ng/mL change for PSA velocity. Number of nonevents = 341; number of events = 12 (not all men had PSA velocity measurements at 10 -15 years before diagnosis). HR = hazard ratio; CI = confi dence interval; PSA = prostate-specifi c antigen.
† Wald test (two-sided). The PSA velocity determinations 0 -5 years before diagnosis in the current study were similar to those of D'Amico et al. ( 9 ) , which were made in the year before diagnosis; the 25th, 50th, and 75th percentile PSA velocity (ng/mL per year) values for all men with prostate cancer in the two studies were 0.25 and 0.5, 0.69 and 1.0, and 1.8 and 2.0, respectively. Furthermore, when compared with a PSA velocity of 2 ng/mL per year or less, a PSA velocity above 2 ng/mL per year within 2 years of diagnosis (not adjusted for tumor stage and cancer grade) was associated with a relative risk of prostate cancer death of 21.3 (95% CI = 5.6 to 81.3) in the current study. By comparison, in a univariate analysis, D'Amico et al. ( 9 ) found that a PSA velocity above 2 ng/mL per year in the year before diagnosis was associated with a relative risk of prostate cancer death of 20.4 (95% CI = 6.2 to 67.9).
However, our fi ndings differ from those of D'Amico et al. ( 9 ) in two important ways. First, D'Amico et al. ( 9 ) demonstrated that a high PSA velocity in the year before diagnosis and surgery was associated with an increased risk of harboring incurable prostate cancer not amenable to cure with surgery alone. By contrast, our study suggests that values above a lower threshold of PSA velocity are associated with the presence of life-threatening disease at a time when cure may be possible because PSA levels at the time of determination of PSA velocity (i.e., 10 -15 years before diagnosis) in the current study were in the range where most men have curable disease ( 15 ) . Second, the PSA velocity threshold associated with death from prostate cancer was substantially lower in the current study than in that of D'Amico et al. (0.35 versus 2) ( 9 ) . We believe that this difference can be explained by the fact that PSA velocity increases directly with the PSA level ( 18 ) . Because we determined PSA velocity a decade or more before diagnosis, at a time when PSA levels were below 4.0 ng/mL in most men ( Fig. 1 ) , one would expect our PSA velocity determinations to be much lower than those determined a year before diagnosis. With longer follow-up of the cohort described by D'Amico et al. ( 9 ) , it is likely that velocity thresholds below 2 ng/mL per year will be associated with prostate cancer death.
Our study has several important clinical implications. First, it has been shown that there is virtually no PSA level threshold below which men can be reassured that life-threatening prostate cancer is not present ( 19 ) . Lowering PSA level thresholds (<4.0 ng/ mL) to achieve higher sensitivity for detection of lifethreatening prostate cancer will increase the proportion of men who are diagnosed early but with the trade-off of detection of biologically irrelevant cancers that may have otherwise gone undetected ( 3 , 4 ) . Determining PSA velocity may provide a reasonable way to balance this trade-off by initiating screening early in life, gathering a PSA testing history with which to evaluate PSA velocity, and performing prostate biopsies on those men who have a PSA velocity that suggests the presence of life-threatening cancer, even when PSA levels are lower than the previously recommended 4.0 ng/mL threshold. This would provide an alternative to using a single PSA value as an indication for biopsy of all men -an approach that risks missing important cancers if the value is too high (e.g., 4.0 ng/mL) or detecting many unimportant cancers if the value is lowered (e.g., 2.6 ng/mL) for all men.
Second, it would appear that when PSA levels are low (<4.0 ng/mL) and indicate a greater likelihood that prostate enlargement is absent ( 20 ) , even small rises in PSA levels may indicate the presence of life-threatening prostate cancer. Recent data from the Prostate Cancer Prevention Trial support our fi ndings in that men with high-grade cancers -those more likely to be life threatening -had faster rises in PSA levels (annual percent change in PSA levels) than men with lower grade cancers ( 21 ) . In the Prostate Cancer Prevention Trial end of study biopsies (biopsies done not for elevated PSA or abnormal digital rectal examination), men with high-grade cancers (Gleason score ≥ 7) had an annual change in PSA level of 11% -12% compared with men with low-grade cancers (Gleason score ≤ 6), whose annual changes were 5% -6%. For a man with a starting PSA level of 2.5 ng/mL, this would be equivalent to a PSA velocity of 0.3 ng/mL per year for high-grade cancer and 0.15 ng/mL per year for low-grade cancers.
Our data provide a further argument for PSA testing that begins relatively early in life, when PSA levels are usually lower and prostate enlargement is absent, to establish a baseline for evaluating future changes in PSA levels. We previously recommended an approach to PSA testing that begins at age 40 years and tests infrequently between ages 40 and 50 years and more frequently thereafter ( 22 ) . We believe that PSA velocity may have the greatest value in predicting the presence of biologically important cancers at a curable stage in younger men (e.g., age below 60 years) without prostate enlargement and PSA levels below 4.0 ng/mL.
A number of limitations should be considered when interpreting our data. First, not all men in the BLSA had serum available for PSA testing. Second, the total number of deaths (events) from prostate cancer in this study was small. Thus, we cannot make precise estimates of the risk of death from prostate cancer based on a given PSA velocity threshold or recommend that a given PSA velocity threshold be used in clinical practice to prompt further evaluation. Third, we cannot be certain that if a life-threatening prostate cancer had been identifi ed by PSA velocity earlier in the natural history of the disease, treatment at that point in time would have changed the outcome. Rather, PSA velocity might identify men who are destined to succumb to their disease in spite of curative intervention. Fourth, in our study, the interval between PSA level measurements was, on average, 3 years, and the same assay was used for all PSA measurements. It is possible that more frequent PSA determinations might provide a more accurate assessment of PSA velocity and an improved ability to distinguish those with life-threatening disease early. However, in clinical practice, PSA levels may be determined at irregular intervals and measured using different assays, which could result in fi ndings that differ from the current study. Fifth, we were unable to assess the stage and grade of prostate cancer in our cohort, and this information could have provided further insight into the value of the information provided by PSA velocity. In addition, treatment given for prostate cancer subjects was not known in all cases, and treatment choice could affect outcome. Finally, our cohort was primarily white, and therefore, our fi ndings might be less relevant for other racial/ethnic groups. In summary, when compared with a single PSA level threshold, the rate at which PSA levels reach a threshold value (PSA velocity) may provide useful information for identifying men who need further evaluation and/or closer surveillance for the presence of life-threatening prostate cancer. When PSA levels are below 4.0 ng/mL, even small rises in PSA levels should prompt the consideration of the presence of a biologically important prostate cancer.
